Atomic and Nuclear Physics 


Final Exam, Spring 2022 
Rewrite, with answers, and reference to the book 
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August 27, 2024 


ARA, 1~20 


1. XA gëdd AA SUE AS wy EAS. - lt 51pg 93% 
7h. (x) BARS 3 SHAH xA 22507 jet Ou pep AR kul S7B EL HE kull 27%. 
Y. (o) HAYS 3up 374718 ZEE Dal, ep zi 3 FR. 
ch. (x) xai Sp EA (XRD) E WA SY XAS 0185), dene AS] del FAs gaps se 
EAS ARM. denge epqspz] AA qun daach um EA ARS 
el (o) KAHA YH E Fao] e eb AAXAS Espa, XA} opu 
moje pde. 


O 
Ege Sz epa pol 22% 


2. LARS 24230] dëi duos Sue AS ur VANS. - dit oan 


7}. (o) HALAS] We} SAXA EE 9pdap FSC. 
UH. (o) ALAS} epuape BE ASES mu. 
tH. (o) PRAHAA AE LAAHAA opu zd EA. 


- 4 Bao] eps] y Ao] BASU, FARAR IA YALA aap} d'äela elm A 8 de: 
AA ALAA} Aok, ell SAX Aol LADA WH. Tels] de] änt epu 27 35710, 
HAON Ja AF ARARA 

ek (o) WRAL 74, SAAIE SAXAN J AR 


3. GLL AAAS] qe geld. Que AS mu TEANS. - pup oss 
7. (0) AAPP] L LE why] aere. 


) ] 

Y. (o) Az SPAS sjaja) EL A $t. 
ch. (o) APLI shts dare] BO TAS BS alc, 
ek. (o) AEA AFA APAE te dal IAS HAE dch, 

4. 2-2 SAXAN viet dc, LE AS mE Tare. - pup 9981 
7}. (0) duke 3458-e LANDA, EL AA. - Ge, Z=32 Hr} AZRA ŠI) SS ARAA LAA 
Wye 54 X40] Y Eo] MIRA. opu] SY X4 YE HES dare] 2. 
U. (o) Spa SI} we AAAS LAA] o] wozu. 
Wd. (o) EJXAL SAA seres HEEE, ol SIXMS WEE HSS dE s. 
d (0) SAXAS MAME BES 70, WASTE AE) E MALO Ago] capo = valet 
- 1944 (vx Z 


5. 34% EAHA 4348 Z SHI 24440 qut du Sne AS =s EAS. - Ap 100% 


7}. (o) daa] uper JAR = AAE Ago] Ga AS A 39] ASHE a. 

U. (x) AZPERAOJ gelu] AAE ZA elu zi 21 0-51-MeV. 7} x]ojoF Str}. - 1.022 MeV 

Th. (0) 448342 139 BBM] 049 MAAE AA FAA AAA Yo 23017. 

e. (x) MARSA} spe] 2894 2139 F eS 9822 ABET AAFAA Bo] AAE o. - 
asgo Jet RE 


6. AAS} SAW] 43489] Yet dez Sus AS EF 312412. qa 1048 


7l. (o) 3219] AASE SEH AF AASA BA] |S AAA Bow EHF. 

Uy. (o) AEA AS] APS vital He AHA dopage BANAL ANA Bow dia 4 yeh. 
ch. (o) 449 EA Y ASL sepa epi ALAS PARAR dell allt FIA eS Gu. 
ek. (o) AAS] AS AMS BY Bo] oh je} AMIS] PHS JS FAAA Be] upo] 238314] 
OCH. - HEALS] 49 eto] Alo} 1130] gA] del Pech. Lupo] 49E HA. 


7. d2 dU 2 Que 42 25 1242. - dit 1088 

(o, 2) 3201234 xp AERA] or 29] olc. 

Y. (0) BLAU xps YAH] ho] BAS EA. 

t. (o) FAAA Azhar} pol AA ASS AAA em AAH, AAE IA o a. 

el. (x) 10 MeV lte Bypass PARA sid apes AFANA ERA 27) aen 
- 10MeV elle) datt SoS Aso] 2] 208249) AFANA ERARE map AA ux erst epe 
aS mo] AA oE Yendo. 


8. XAH AA(kV)s} AAA) HAS dus o2 Sue AS REAL. rH 1128 
(x) Moseley Y IAH - mel da Weg 57H ENES AB Ma. usaxa x Z° 
(x) Agha} ee dät ghe. - A Kul oa) Kul, due k2. 

(o) Ags} JUE glad AA- 

(0) AAV) (A) He 12.4 9 gera. 

hy = h$ = eV = 16 x 10 19V[J] + Amin = 25529 [m] 


rr 


(x) audeo AE ah at gei ist late). - TABS AO dl Zle] dal et wep s. 
(x) 4 6ske| i= yA] dude duh dl siri (LE kzp) AA 
Sada 42 dich, 
x) ZAPRAVO = y de] MAS Geese. - dudo] 83454 433] Au, Ye epo 
lat SAR Mats 2590042 9978 

(x) Compton EAA FA QAAE ms gl gei, - ZHK e YH yas dr, 
= Ey 


LH 1+ MT) 


ärt 


E 


10. 3449 Compton Sid AA 222 AS EF owe. 
7). (o) BAR ARAR el dme] oo] == WY 38. 
u. (x) deba] delt HEARS MAAE AR qr. - dia eil Zeg) A sie. 
= a Ec = —*5—, E, = E + Ec 
. (5) ARS] me -o AF we] MSE. - SAA] ZH} e TARE) 
Joh 


x= 
= A 
ae AA} 371845 Compton BA} däer: 


11. GSS 049 AASA det Sos Sue AS BP WEA. - q 1699 
7L. (x) JS 1 tae keV/emžo|r}. 
- Z2. HAV} E SS dae cp user gu] pam gie, TH: keV/um. 
U. (x) 1152 443] sje. 
- Bether, Bloch(Ze}¥o] 54pg) - AAAs S x % Zn 
TH. (x) 4152 049 AAAA repetat. 
- 249] eiu 2] 7} S SET; whew, Loupe} 2342420] p enm. 
=}. (x) AALS dasa gao 31 2]St oro] AFA. 
- UA 49-2 ues aem YES UE AS APA Sole wu. APE [I = m° /kg] - Sa 
17091 7] de P 


12. BA dist Soe Sue AS m= 12212. - 44 1803 
7}. (o) FHAA FA Zod AAAS} RE ZIMA} A. 
- md LAME ZE GS uu uper a ao 2 2, 27} um 4548 BE} 5992032 unum 7s 


27. A Ze SIAL pep 2141 

Lp. (0) AAI IS ALA VS 33-9] ASUS zäit gta 

Ch. (x) PHRASE Lu 2248 pu 

- $| AS uo Luc 2400 Bch. 

el. (0) SUES arb o] PAR SALES AAAH opo ARE VANA 


ig et EAA zäit del cl max} huj jede) AS 


ES : - Z 
TAHAT, BSF - Back Scatter Factor AREA QS we] EAE EA p 
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123 dadd e| SERCH wad 25% o JAE doner 

Cerenkov 242411 Gc}. EHAA dal USE] Bye} Ao} ela] 
Ge oa AS oro] AGA MESAS 7r. 

Y mas cL 

E. (0) Lee zx qua 2490] usps dë ape helt, 

3}. (0) VAMP 245 no o] B44) 3420 MEA 2449 2 su. 


14. Lë 42154 Wet 48 $ SHE AS EF 122412. - q 169 
(0) seagate] Sea] gilt, 

(0) E€29 gap ZA AA. 

(o) FAJA SHAS SE opa. 

= (x) HALA ZHI ASHA paro] glate, - ulapor 

Stopping power defined by Bethe-Bloch formula is: 


GER 


2 
Bethe-Bloch Formula: S x d Zn 
v 


Where q is the charge of the radiation particle, v being the velocity of the particle, Z being atomic 
DNA 
MA ) 
15. dë Bragg 349] dai du $ $2 AS BE 2292. - lt 17299]4 Hl 22 
7t. (147142 sparen 277. 


number, and n being an atomic density(Y4 JAF 94, N = 


- HAMA} op aps mar YS oup al io ASS spgolers sh «Ideje AAAA AAL d Alt: 
o| 9.828 dei 
U. (x) 92 aA Wae Boley, 


u] 
- We dd Spes uae aem: poe aa WAA golt HAS YAAA AAAS HAAS 
Uie dtes qe + slg. R= cerco 
TH. (x) a42 821517] 449) 4397142 xu. 

SHI JAA 14397 3077 Y. Braggs Peak. 
=}. (0) DER gum Ye YYZ] aqe uel. 


16. dë ode] qu AY Z Se AS EF were. 
7). (0) AFAL AE 217] 929] AA. 

Up. (x) SEA) 7 ap spe upto 
- 1130] dë BS Os enixa xa] slo vk, pupa] HS AA. 

c. (0) 423 YA SA AE vera 147% 219] gled. 

e. (x) eise] AE HARE pe 49 del dech, 

- JAMAL] epu] EAL qns LAR] FERA YS op] d Zele, ol. 


u 


17. dë Ofo] dai duo SO AS SE UA. - dit 1220 97] zë 
7t. (x) SVE F 1234013. 
- C£2529] utz7]- 2.640]. ?H9] erzr]7t 12.38o]u. 
U}. (x) &43 FAA uer. 
- 3.16 BSS 2192253 (Tgp = 86.6y), 96.9% $82 o 3-3] (Ty = 2.735y). 
th. (x) 344 BEAVIS AF851241 geg 
- CE 252014 BESS SAAS] Bet MAAE 23 MeV YES SA} ERAMOS rx YC. 
2}. (o) JEE 2449 PH odis 2.3 MeV "sort 


18. d$ 290] qe dg Z LE AS 12/12. 
7}. (x) IAS oa SE ig ed 


Q. (o) Ug 32 443449] AA == urgetur. 
ola aure ENE RER 424] 314 140, 235 424%44 ep 0.5 eV o]srerx st. 
ch. o) 4240] YUH 203742] 1252547171 Wyott. 
er (x) BASE IRIZAL dap 1189 4 IP} ub 
- da T-£34 (Fission Yield)9] Double-Humped Curve AX, 118 294 JARS SS BSc. AA 
SPS 95 Y 1400174. Hot FAAA AAAF 343, F 119 "EN Abol 221717: Boz Ar] HIRO 


19. d$ 3449] dat dg Z Que AS EF LEAL. 
7}. (0) RIJE BE (US Zelt, 
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14ite]u. 


rlo 


- ZARA vg] HE 10.32 oqq. sra 
=== SAAS] mr. 

- Zało] 44pg: BRA o]et zi YA AL xb aal YL AL sh, Az} AAA gorge 
q reu 4072 s 32032 YO owed us sale dum xen. ARAN BAS, UA 
SUAS, SUAS, Zola coz Ups gu. 


e GAE: KA, y, ASA, 70184, 494, dur 534 22 apart 


e "gaps cda FAR, Sz, WSs}, xar SS me Ss 


. ZVE: 1 IA, KOT 5 
e SUAS: FAA, TAZ, SIA, 43%, aA = 
e Sole: HAS de WP} LFANAN AS APSA, IRA Mo] op] zët, 
th. (o) POR [MU 3-2 B- Busto] PI Wc}. - Free neutron decay 
2}. (x) 452594 uio] 49 gap o e, 
-G dall dä ER LR BIS AJAA + VL AAA) E A Aem. AS ded 
elei spa, ev o = yaoa qe o] days AA 
ARAS): eb, det, Faz}, Sole = 
AREA): X, Zu}, 232) 


20. TR AUZA (Annihilation) dat 48 $9 42 ur vea. 

A. (x) SAXAN AO. 

- PAS . C-11, N-13, O-15, F-18, P-30 Sa Zo] JA74 SoHE AL alt erba. ugar 
Ale aa 625 I EDER E aab S HAS] AAs} ZA & € 
1.022MeV 9} SEA YS sh. jet Ate ABBA EE Bt 
1}. (x) FAA Haza EC Sr 
th. (x) FA da St yog Has 
er (x) FAJ JAF 2839 za 


FHA, 21-40 
21. Ug 43440 dai ALAS Agaj. 


235U + n > 2 3n + fission products + B + y + U-235= 4247219 Me 
APPLY spo] 2497} 2-37], WLI, HEPA, Zupa, 12157 Vua] re 


AA Pre Zola AS] au 29 JS 155%. - cv T3 A 19 


e spp: ah} Yap} BAZ BBWS ABRE que VE AS usb B1S Ag EE IL 
AeA (oap) zF AAT) S alar 


e HAS: YA SS Aei AAS YAA, WAP SH ZA SHAS SY (Disintegration per 
second). JJF. 


^pso| ACHE AS, PAAR BME up Sabe] 47) Bee AWS Als, AZ e] epo] 


+ 
EN 
rir 
2 
E 
lI 
o 
E 
a 
> 


= 2 FET, uude PAE PLE lek. tat FAA zu 
wg: 21290 YA 50] rez SHEE AZ. daks AS 0933 Lo] ea < al, 
A(t) = Age ^* 
A(T} 2) = Ao x 1/2 
1/2 x Ap = Age ya — e Mya = 1/2 
In 2 


AT} ja = ln2 > T1/2 = GX 


1 
=—=144x T: 
T A 1/2 
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24. WAVIAS AM SAMS AE Ep] Vyas BE s= uj, AA tg A Shape] diet At OA] 


AAA Apolo] A3 B MAPS] FE? - dall A A9 


NII te^] Ho ASS] Aspe: 
N(t) = Me™ 


Su 14 2 


IAEE Az toe] A 21722} B YAA HE 
No — N(t) _ WW — Mie ^ 
= SST 


gt 


35. BAA He: AE to} t+dto #3] 
NAA SAJA LS glad zd wj, dex ESE Salli $ dNƏ cres Zo] YFA 910) 


RESA- deh} Su] 3 


dN (t) 
= —AN(t 
F (t) 
> dN(t) = -AN(t)dt 
aaa 


EAH HEH to; t+dt Apo] Baye 98-99] 471 dN olet 

BE HAE Azo jeja aeu tS 08 BS Now Upp Wal £ 

ABE] Salat, AAA ABS sube] dN(t) FBR, zu 
t = 0o]u. 


auum A HSA t = co ~ 
1 ee 
T= x / t dN 
No J n(t)=0 
integration by substitution: dN(t) = —AN(t)dt 
: [ AtN(t) dt : d AtNoe—™ dt f Ate ^ dt 
= == — == — 0€ = — € 
No t=00 No t=00 t=00 
0 0 9 
= be -f e^ dt = 0 — Et 
t=00 t=oo A t= 
B 1 
ZA 


25. 2954994 weno E ABE det, 
az, uH], Ba] SH, WAS] pep pat, spado] Se, papae] opa] 9 


"105 LH 


60 
CO 
0.31MeV B 99.88% 


1.1732 MeV_y 


1.3325 MeV y 


Ni 


Figure 1: Co-60 Decay Scheme 


= 
SCH 


26. 122 TCs d Bet gä ( ) AA AGe FS det, A < 
( 137m Ba )o] Sai d 3 


= grep QAR, ALS I ba] 
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PEA 47} dNo 42 Y Y garde 7 


3 des, 


HA 6 


+ 


4 


ul 


HE ye 


9] 


Je 


= 
= 


qa. 197Cs9] HANE ( 3014 ) elt, 100537 ( 
° 


elt, Gest Bme ( gayaa 
8571) °] y AS GE EEN 
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27. 929 BES mor HAAS] d 100 SIRS d LH wp a GR o2 Yad 2 QE Wis 
BE 44 "Na | KAEA gëdd, O.87keV oleh. - dit Fata) 7 


2.603 y 100 dps olpe EC 10 dps, beta+ 90 dps, gamma 100 dps 
Na-22 7| urge oz eau. zpumpel dad d aep: 


e y (E = 1.28MeV) dps 
EC 10% 8" 90% 
120Mel i; FK £ e 10 EC/s z gust: 
- 1019 K-EJXA (E = 0.87keV) 
- 1071/s9] = zanz 17H») 
M e 90 HIE}+/s E Yet 
Ve - HJEHHA(E = 2.842 - 1.28 - 1.022 = 0.54 MeV) 

- 1801/s EPA (AMFA AAA qa a RAD 


stable 


Figure 2: Na-22 Decay Scheme 


28. 6+ 33% AAHA(ECIA SEAM AMS AESH - FA FRA SH 


e xpo] 8: 
mae 2411249 HEH} #310218 uio] 7H2E, Sc} ASAmE gS 
PAS mis ga OF APPAR (ABBAS LOA 0.511 MeV 9] Bo} 27S Sec. 
- EC9] elite AAR EQS FAG. Est 
- slo z (Q)7F 1.022MeV o] ECvto] zech, oyde gi: 2319 EC} 39492 
urget. 


29. 9044 A40]S AH - rizhik cuba] 984 
Isometric Transition, Yo]-3A/40]= y AA dza, oj7]: Argon] Be FHS opa d zr] dag" 
to $04 y 4917} SUE 42S etc. 


) ee] Ase BS per. 

(sap SI(EC) di S SE AAAS 1350 24942 usps AJE Hest 
SAAT AAA BS] de] dojiti, opu] o] So] Hysol gett (4 
Judam Ee S JEA NRS (LAA et. 


30. 429 ( 
o] 


AS dech, apy So] 
°] da Atha uar 


31. AMA Ws} POAT 42 LAR ZEGA AJ ZO 20117] ANAE ARA] oppi 
gutoj oot spot? 


- ARAON HR app BA 


1% 


6 x 10 4EZ 
1+6x10-4EZ 


ol Ye 9] gto] 0.5 ZF AAF etur. Wo] YA HE 82 Ho] 1 E 


Y. = 


6x 1074 x 82x E 
1+6x 10-4 x 82x E 
E = 20.325 MeV 


32. 3.4 MeV a 41e] $7] SIA 348 AAA BAANT 01249 FE sre. 3719 WRS 34eVo] 


= 0.5 


q. 

3719 W Rel omote ott, 371141 0124745 Basel 227 epa] ole. | 
4 MeV 5. 
Log T 34 eV/ip E 
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- cf). AY] r] 
Rair = 0.318E!? [cm] (4MeV < E < 8MeV) 
Rair =0.56E [cm] (E < 4MeV) 


IAEE 3.4MeV °] ? up 9] HEBE 
Rair = 0.56E [cm] = 1.904 cm 
33. Zn a Cu AAAA Bt Sat ug esta] Skolski, gets Ou AZ qoe. 
63-Zn7} Wiel 8 Ziele 63-Cu7} HE HAL ug 247. 


63 63 + 
304n >29 +67 + U 


B+ 2317} FREH, WS QO] 1.022MeV ol4tojcjot se}. Q ze SHA: 


Q a+ = 62.9330u — 62.9298u — 0.00054u = 0.00266u 
931.5 MeV 


= 0.00266% x LX css. 2.47779 MeV 
u 


RES QRO] 1.022MeV o]4ro] 232, gei Sait ZFe erar. opu spere 539 EC 33:39. wg. 


34. 3700GBq9] Ho] 185GBqz ZAA dep 4142? !?!Te] 71 892 etc 
&7| WARS eo] Ao SH, AZ 17) z]xt o| $°] BARS A(t)9] AE 1133} Lo] su. 


A(t) = Ape * 


sl ZA ARA] 
0.095. 
185GBq = 3700GBq xe 8d 
0.693 


t = In(——) x —— 
185 0.693 
t = 34.58 day 
35. B+ Bo] 20x91 YAFAA 1kg0] a 2H $ YAE Fe? 
TE u$s do] 3980. 


lo 
o, 
We 


= YAVISAS] So] No AA FAEN, AZ t7} Ak ole NAPETA 
N(t) = Noe Mt 
N(2min) = 1kg x e 999 s" x20min — lkg x e7% 
— 0.00248 kg = 2.47 g 
36. 14 AZAA FAR ux 289 GAS BAA 0] GA les 14 59 10335 Wr Sl WSS 
epu. UCA] gz) 183 15dpm s] AFF HPSS AAI AFA, o| URL Achy ome ANN? 
MC] YH] 5730e]u. - dap AA EA] 188 
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Alt 171 AES ume] ups 
A(t) = Age ^* 
0.693. 
+ 10 dpm = 15 dpm x e 5730y 
3. 0.693 
In(=) = => x 
2/ 57309 
t = 3352.5 year 


37. WZA 1212001 BS AY 4727171 AH AS BA AA. 4% AA YH FS (40)91 BAABA 
Sg (Ao = 8Bo) AAA, AS AS AF B°] oo 207] = 21ZHmin) 27 - QA AREA 288 
ue 4 e 
0.693 
ad) = Ane *= Aj MC 
0.693 
poche ce um 
= AS Teal sem cs 410] da. 
0.693 0.693 


A(T) = B(T)=8Boe lh =Boe 4h" (v Ao=8B0) 


ze 
IX 
fijo 
nud 
r 


3 x 0.693T' 
8 — € 4h 
4h 
T=1 —— K =4h= 24 ; 
n(8) x Sx 0693 h 0 min 


38. = 9% A(wurzZrH7] 4h), B(utZr7] 45min) + ¿92 JAI aer Ar}. oS = zo Base 
27 (Hao AL erp. t=0 YAS] HANA FG 80,000Bq AL, 34121 AAFAA 10,000Bq o] däi 
Sd t—0 49 BS A °] dasz Aurel? 

Saya mele. AS AA go 
0.693 
A(t) = Age 4h 
0.693 
B(t) = Boe 0.75h 
Ao + Bo = 80,000 Bg 
A(3h) + B(3h) = 10,000 Bg 


od 
dp 
H. 


0.693 — 0.693 
————X — x 
A(3h) + B(3h) = Age 4h + Boe 0.75h 
= Ao x 0.595 + Bo x 0.0625 
_ [Ao + Bo = 80,000 Bg 
"" 1.0.5959 + 0.0625By = 10,000 Bg 
Bo = 70610 Bq 
Ao = 9390 Bq 


3h 
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370917? TCs 94.6%7 8- Salsa 
1143 usse. 


39. 137Csa) up 23% Y 0.622MeV a y 4 
Bim Ba ez 50] 0.622MeV9] 742 Un ex MEER. 
BASS distet: 
oa 2x0] qu Als HE dup YE EASA] Yee Ags Hse eod I ys2 gn 
HAF) eh. 

YAA ai yA YE (Y) MARE) S] BS 9499, ASA urer "net ab "Lac 


e 
of, 
Ki 
* 
> ya 


Qi. qum 
7 


> y+ya=1 
YA 3t3]2-7] 0.114 II sigo = a = 0.114 ole}. 2422 xek spl: 
0.114 = 2 5i=0.114zr 
x 


y+i=x+0.114x =1.114x = 1 
y=x=0.897, i= 0.103 


181087} 94.6%2. MEW Basho] Zupa als YER, d 2318 usq 0.622MeV 2] zu 9] AE 


0.946 x 0.897 = 0.849] 
Z 84.9962. Zupa uške. 


40. 2Nay} a 231517] 9322 2934. Na, ^F, “He °] YAA 21.994437u, 18.00937u, 
4.00258u ol, 
HoF 22-Na7| a UA AREA SAAS AMA: 
22Na > BR+ia 
StS Ao] BP, BSS BSAA] BESO} SES, Q ate] Ao SH}. $] 92419] Q Zhe: 
Q = 21.994437u — 18.00937u — 4.00258u = —0.017513u 
Q ato] 09] op EE, Gaps yop] HEr. 


cf) QRA ASE HSA RARA gc us: 


e HASE / PUR SAAS 25%) Sey} uzasne, Que HARO 
dao 33, 8*,8- 23, y Bal, WAAR 903), BAA, Compton i 

e HEHE / MPVS SEAS VES, SE oYZI7} usd gone Qzo] Weep. 
- ep: 3282843, APRA (SF), VASA Cep, AHS, a, B Ao] AANA LE 
- AZRA BH, BAA) e. dl SFY A] BO] etg 
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